We investigated the genetic structure of Eryngium alpinum (Apiaceae) in an Alpine valley where the plant occurs in patches of various sizes. In a conservation perspective, our goal was to determine whether the valley consists of one or several genetic units. Habitat fragmentation and previous observations of restricted pollen/seed dispersal suggested pronounced genetic structure, but gene dispersal often follows a leptokurtic distribution, which may lead to weak genetic structure. We used nine microsatellite loci and two nested sampling designs (50 ¥ 50 m grid throughout the valley and 2 ¥ 2 m grid in two 50 ¥ 10 m quadrats). Within the overall valley, F-statistics and Bayesian approaches indicated high genetic homogeneity. This result might be explained by: (1) underestimation of long-distance pollen/seed dispersal by in situ experiments and (2) too recent fragmentation events to build up genetic structure. Spatial autocorrelation revealed isolation by distance on the overall valley but this pattern was much more pronounced in the 50 ¥ 10 m quadrats sampled with a 2-m mesh. This was probably associated with limited primary seed dispersal, leading to the spatial clustering of half-sibs around maternal plants. We emphasize the interest of nested sampling designs and of combining several statistical tools.
INTRODUCTION
Although more or less continuous distributions of conspecific individuals are common in nature, theoretical and experimental studies of population genetics have long focused on clearly subdivided populations. Identifying independent evolutionary units and detecting genetic barriers thus remains a major challenge when individuals are continuously distributed (Pritchard, Stephens & Donnelly, 2000; Manel et al., 2003) . Nevertheless, this is of crucial importance for understanding the evolutionary processes molding genetic diversity and for managing biodiversity. In a conservation perspective, knowledge of the genetic structure provides information on the balance between genetic drift and gene flow (influencing key parameters such as evolutionary potential, risk of inbreeding depression, or potential for local adaptation) and gives useful indications for the design of conservation strategies (e.g. translocations or creation of ex situ populations; Crandall et al., 2000; Young & Clarke, 2000; Moritz, 2002) .
In plant species, and at a fine spatial scale, genetic structure at neutral loci is most often created by restricted gene flow (Loveless & Hamrick, 1984) . This may be due to habitat fragmentation and/or intrinsic low dispersal abilities (with a major influence of the breeding system on pollen dispersal) and can be measured by direct or indirect methods (Ellstrand, 1992; Sork et al., 1999; Ennos, 2001) . Indirect methods are based on the distribution of alleles at neutral markers. First, F-statistics (Weir & Cockerham, 1984) and analogues (f st and Rst; Excoffier, Smouse & Quattro, 1992; Slatkin, 1995) are based on Wright's (1951) island model. They imply the a priori definition of groups and estimate their genetic divergence, from which the effective number of migrants per generation (Nm) may be estimated. Second, adopting various statistical approaches, some methods aim at grouping individuals (or populations) into clusters. It is the case of multivariate analyses, dendrograms, and the much more powerful Bayesian algorithms, such as those implemented in the programs STRUC-TURE (Pritchard et al., 2000; Rosenberg et al., 2001a, b; Falush, Stephens & Pritchard, 2003) and BAPS (Corander, Waldmann & Sillanpää, 2003) . In STRUC-TURE and BAPS, individuals are grouped in such a way that linkage disequilibrium and departure from Hardy-Weinberg equilibrium within each cluster are minimized. A third way to study gene flow is especially suited to continuous distributions: spatial autocorrelation simultaneously analyses the spatial distribution of individuals and genotypes (Epperson & Li, 1996; Rousset, 1997 Rousset, , 2000 Hardy & Vekemans, 1999; Escudero, Iriondo & Torres, 2003; Vekemans & Hardy, 2004; Jones, Vaillancourt & Potts, 2006) . It is based on Wright's (1943) model of isolation by distance and consists of regressing a measure of genetic kinship on the spatial distance between individuals (equivalent to an individual-based Mantel test; Hardy & Vekemans, 1999; Rousset, 2000) . Under isolation by distance in a two-dimensional space, kinship is expected to decrease linearly with the logarithm of geographical distance (Rousset, 1997 (Rousset, , 2000 . Spatial autocorrelation allows the significance of genetic structure to be tested and to determine at which scale this structure occurs through partial regression analyses over restricted distance ranges. Finally, some methods, in development, aim at localizing genetic discontinuities within a landscape by using genetic and geographical data to detect zones of abrupt change in gene frequencies (Womble, 1951; Monmonier, 1973; Barbujani, 2000; Manel et al., 2003; Manni, Guérard & Heyer, 2004; Guillot, Mortier & Estoup, 2005) .
Direct methods to measure gene flow mainly include in situ observations of pollen/seed dispersal and their reconstruction through parentage analyses (Sork et al., 1999) . The main difference between direct and indirect techniques is that indirect techniques provide historical estimates of gene flow (averaged over several generations) and only consider effective gene flow (reflecting fertilization and establishment of a new plant), whereas direct techniques reflect realtime and potential gene flow (Campbell & Dooley, 1992; Sork et al., 1999; Fenster, Vekemans & Hardy, 2003) . Moreover, indirect methods detect the occurrence of rare, long-distance dispersal events that are likely to be missed by direct techniques, although relatively frequent in some species (Campbell & Dooley, 1992; Williams & Waser, 1999; Fenster et al., 2003; Austerlitz et al., 2004; Hardy et al., 2004 Hardy et al., , 2006 Ishihama et al., 2005) . Also, animal-mediated secondary seed dispersal is most often not taken into account by direct methods. Finally, indirect methods usually assume that population are at migrationdrift equilibrium, a condition that is unlikely to be met in most natural populations (Campbell & Dooley, 1992; Fenster et al., 2003; Vekemans & Hardy, 2004; Hardy et al., 2006) . Thus, direct and indirect methods provide dispersal estimates that may differ because of intrinsic dissimilarities, but both are valuable and may complement each other in the study of gene dispersal.
Eryngium alpinum L. (Apiaceae) is a perennial plant growing across the European Alps. Although declining on its overall distribution area, it is abundant in the Fournel Valley (France), where it is found in large continuous sites with several smaller patches in-between. Because of changes in land use, the suitable habitat (open hayfields) is decreasing and fragmentation is increasing. To help the design of management strategies, the major goal of the present study was to determine whether the valley corresponded to a single population or if several independent genetic units (also called 'management units'; Moritz, 1994) could be delineated. In the latter case, the conservation of only part of the valley would not guarantee the preservation of a representative sample of the existing genetic diversity. Previous field studies indicated that E. alpinum is mainly outcrossing (Gaudeul & Till-Bottraud, 2003) and that pollen and seed dispersal mainly occurs across shortdistances: fluorescent powder, used as a pollen analogue, could not be found further than 20 m from the source inflorescences, 93% of pollinators flights occurred within a 3 m radius and, when mature, most seeds fell less than 1 m away from the mother plant (Gaudeul & Till-Bottraud, 2004 ). This should result in a pronounced genetic structure across the valley, with several differentiated genetic units. However, the technical difficulties and intrinsic limitations of direct estimates often preclude a reliable quantification of dispersal distances and gene dispersal may follow a leptokurtic distribution (i.e. most pollen and seeds being delivered close to the source but a significant fraction traveling far away). If this is correct, a single homogeneous genetic unit may cover the whole valley.
In the present study, the spatial genetic structure of E. alpinum in the Fournel valley was investigated: (1) to describe and test the significance of the genetic structure in order to determine whether the valley consisted of one or several genetic units; (2) to interpret the patterns of genetic structure in the light of previous field estimates of pollen and seed dispersal distances; (3) to clarify the possible impact of landscape structure (fragmentation) on the observed genetic patterns; and (4) to assess if seed shadows of individual plants overlap and blur pedigree structures.
MATERIAL AND METHODS

STUDY SPECIES
Eryngium alpinum L. is a diploid (2n = 16), herbaceous perennial with longevity probably much greater than 20 years (I. Till-Bottraud, pers. observ.). It is found across the European Alps (Cherel & Lavagne, 1982) , between 1200 m and 2100 m a.s.l., and grows in open habitats such as hayfields or avalanche corridors. Contrarily to most Eryngium sp., the basal leaves and young reproductive stems of E. alpinum are tender, spineless and very palatable.
STUDY AREA
The study area is a 12 km-long east/west-orientated valley between 1400 and 2000 m a.s.l. in the French Alps (Fournel valley, 44°79N, 6°53E) . Eryngium alpinum is distributed throughout the valley, almost only on the north-orientated bank of the Fournel river (Fig. 1A ). There are no major natural barriers to dispersal and the major rocky outcrops are in the flanking parts. Two roads and the Fournal river may favour seed dispersal (Fig. 1A) . Plants mostly occur in small old hayfields (1-2 ha) but, because of the disappearance of late hay harvest, these sites are undergoing extensive shrub development and the extent of the habitat suitable for E. alpinum is decreasing. Based on aerial photographs taken every 10-15 years, Farion (1996) estimated that 51.5% of meadow areas were colonized by trees between 1948 and 1995. He also showed that closure rate was increasing with time. Eryngium alpinum also grows at the bottom of an avalanche corridor called Deslioures. This 50-ha site is the largest and densest site of E. alpinum in 
Europe, with approximately 5 plants m
-2 and a total of several tens of thousands, continuously distributed plants. Land closure is moderate in this site: only 8.5% of the area that consisted of meadows was colonized by trees between 1948 and 1995 (Farion, 1996) . Besides hay harvest, the valley is also used for grazing. Two herds of sheep graze a large part of the valley, rapidly in the spring as they move up to higher pastures for the summer months, and for a longer period in the fall. Their routes are superimposed with the two roads (Fig. 1A ).
SAMPLING PROCEDURE
We adopted two sampling designs: in 1999, plant material was sampled on a 50 ¥ 50 m grid throughout the valley (Fig. 1B) . Whenever the species was present, leaf material was collected on the most central plant of each square, leading to a total of 289 individuals. At a finer scale, in 2001, we sampled two 50 ¥ 10 m quadrats of the extensive site Deslioures on a 2 ¥ 2 m grid, leading to 156 samples per quadrat. The quadrats were 100 m apart. Plant material was dried in silica gel immediately after collection.
MICROSATELLITE ANALYSIS
DNA extraction was carried out with the DNeasy 96 Plant Kit (Qiagen). Then, plants collected on the overall valley were genotyped at nine microsatellite loci, as described previously (Gaudeul et al., 2002) , and plants collected in the quadrats were genotyped at seven microsatellite loci (Ealp1340 and Ealp024 were not used in the quadrats because, on the overall valley, Ealp1340 was in linkage disequilibrium with Ealp1354, and Ealp024 displayed ambiguous profiles; Table 1 ). The fluorescent amplification products were electrophoresed on an ABI 377 automated sequencer and scored using GeneScan Analysis 3.1 and Genotyper 2.0 (Applied Biosystems). Scoring was performed manually twice to minimize genotyping errors.
STATISTICAL ANALYSIS
On the overall valley
We performed various statistical analyses, depending on whether we chose to define a priori populations (F-statistics), to look for genetically independent units without prior identification of populations (Bayesian approaches) or to test and describe the continuous genetic structure (spatial autocorrelation).
Based on landscape structure (Fig. 1) , we clustered the 289 individuals into five groups: Anon (N = 37), Aiguillette (N = 13), Boujurian (N = 31), Deslioures (N = 180), and Salamiane (N = 28). Linkage disequilibrium was tested on each pair of loci within each group and on the overall valley using the log-likelihood ratio G-statistic. For each locus and population, unbiased allelic richness (El Mousadik & Petit, 1996) was calculated and the nonparametric Kruskall-Wallis method was used to test for significant differences among populations. Weir & Cockerham (1984) estimators of F is and Fst were computed. Fis significance was assessed by random permutations of alleles in each population at each locus whereas bootstrapping over loci provided the 95% confidence interval (CI) of the overall Fst. Exact tests of population differentiation (Goudet et al., 1996) were computed among all pairs of populations and a Mantel test was conducted between geographical and genetic distances (Fst). All analyses were computed using FSTAT, version 2.9.3 (Goudet, 1995) and Bonferroni correction was applied when multiple tests were involved.
To obviate the a priori definition of groups, we estimated the number of populations (K) within the valley with two Bayesian methods implemented in STRUCTURE at the individual level (Pritchard et al., 2000; Falush et al., 2003 ) and BAPS at the group level (Corander et al., 2003) . In STRUCTURE, we performed four independent runs for each K-value between 1 and 5. Each run comprised a burn-in period of 30 000 iterations followed by 10 6 iterations and estimated the probability of the data for the assumed K-value. The probability of each K-value was then calculated as Pr ln Pr ln Pr
where X represents the data. BAPS was run 20 times with a burn-in period of 10 000 iterations followed by 50 000 iterations. We set Kmax = 10. For each run, the program inferred the most probable number of clusters (K) and its associated probability. Leaving the idea of clearly delineated population altogether, we tested spatial autocorrelation: (1) on the overall valley; (2) on the valley for distances smaller than 1000 m; and (3) on the valley for distances smaller than 2000 m (in the two later cases, partial regression analyses were computed within restricted distance ranges). Furthermore, to investigate the effect of the distribution mode (patchy versus continuous) and density of plants, we then restricted the spatial autocorrelation analysis to the site Deslioures. The distance intervals were chosen so that data points were approximately regularly spaced on a logarithmic scale: 0-50, 50-100, 100-150, 150-200, 200-300, 300-500, 500-1000, 1000-2000, 2000-3000, 3000-4000, 4000-5000, 5000-8000, and 8000-11 000 m. Multilocus kinship coefficients were computed as described in Loiselle et al. (1995) , averaged for each distance class, and their standard errors were obtained by jackknifing over loci. The regression slopes of kinship coefficients on the natural logarithm of geographical distances between pairs of individuals were estimated (subsequently referred to as 'slope'). Among-locations permutations of individuals were used to check the significance of kinship coefficients and regression slopes (2000 permutations). Because several required assumptions were probably not fulfilled (e.g. migration-drift equilibrium, constant density), we did not estimate the neighbourhood size and gene dispersal distance. We calculated the parameter Sp, introduced by Vekemans & Hardy (2004) to characterize the strength of genetic structure, which is independent of the sampling scheme and thus allows the comparison between studies. Sp is defined as -slope/(1-F (1)) where F(1) is the average kinship coefficient of the first distance interval. All spatial autocorrelation analyses were performed with SPAGeDi, version 0.1 (Hardy & Vekemans, 2002) .
Because our study included one more locus (Ealp024) on the overall valley compared to the quadrats, all statistical analyses were also run on the data set excluding Ealp024. This exclusion did not change the main results.
In two quadrats of the site Deslioures
Exact tests of differentiation and estimation of F st were carried out with FSTAT between the two quadrats. Within each quadrat, patterns of spatial autocorrelation were examined as described above, using the following distance intervals: 0-2, 2-4, 4-6, 6-8, 8-10, 10-14, 14-20, 20-26, 26-30, 30-40 , and 40-52 m.
RESULTS
ON THE OVERALL VALLEY
With a priori defined groups Linkage disequilibrium was detected between Ealp1340 and Ealp1354 in three groups out of five (Anon, Deslioures, and Salamiane) and on the overall valley. Thus, locus Ealp1340 was discarded from subsequent analysis. Allelic richness was not significantly different among groups (Table 2) . No multilocus F is estimate was significant within groups (Table 2) or on the overall valley (Fis = -0.003, P > 0.05). Global Fst was significantly positive but low: Fst = 0.013 (95% CI = 0.005-0.021). Between all pairs of populations, exact tests showed significant differentiation in only two cases out of ten, between Anon (the most eastern group) and Deslioures and Salamiane (the most western groups; Table 3 ). Accordingly, the Mantel test was significant (P < 0.001).
Identifying groups without any prior hypothesis
Both STRUCTURE and BAPS strongly suggested the existence of a single group within the valley since P r (K = 1) ª 1.
Continuous structure
Whereas the correlation between kinship and the logarithm of geographical distances was not significant 
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when the maximal distance between pairs of individuals was limited to 1000 m (P = 0.074), it was significant when this distance was set to 2000 m (P = 0.004, slope = -0.0035, Sp = 0.0035), and when the overall valley was considered (P < 0.001, slope = -0.0021, Sp = 0.0021). At this latter spatial scale, a significant positive coefficient was obtained between individuals that were 0-50 m and 100-150 m apart (P = 0.046 and P = 0.009, respectively), and significant negative coefficients were obtained between individuals that were 4-5 km and 8-11 km apart (P = 0.030 and P = 0.008, respectively; Fig. 2A ). Within the site Deslioures, there was no significant multilocus kinship coefficient and no correlation was found between genetic and geographical distances (Fig. 2B ).
IN TWO QUADRATS OF THE SITE DESLIOURES
The exact test showed that the two quadrats were significantly but only very slightly differentiated (P = 0.05), with Fst = 0.023 (95% CI = 0.005-0.050). In both quadrats, the slope of the regression between kinship coefficients and the logarithm of geographical distances between pairs of individuals was significantly negative (P1 = 0.002, slope1 = -0.0083, Sp1 = 0.0087 and P2 < 0.001, slope2 = -0.0134, Sp2 = 0.0142 in quadrats 1 and 2, respectively; Fig. 3 ).
DISCUSSION
On the basis of microsatellite variation, the Fournel valley cannot legitimately be divided into several populations (or, at most, two very slightly diverging units may be recognized). Studying the valley on a 50 ¥ 50 m grid, we observed high genetic homogeneity within 1000 m-long areas but significant continuous variation (isolation by distance) was found when distances larger than 1000 m were considered. At a smaller spatial scale, in 50 ¥ 10 m quadrats and with a finer sampling mesh (2 m), genetic structure was much more pronounced, suggesting local pedigree structures.
Adopting a 50-m mesh, Bayesian approaches and F-statistics suggested the existence of a single, continuous genetic unit in the Fournel valley. However, a slight but significant differentiation was detected between the most eastern group (Anon) and the two most western groups (Deslioures, Salamiane). This differentiation was due to isolation by distance (as shown by the Mantel test and spatial autocorrelation) rather than to sharp discontinuities in gene frequencies that would have been detected by the Bayesian method (Jones et al., 2006) . Isolation by distance became significant when distances greater than 1000 m were considered, indicating high genetic homogeneity within 1000-m long areas. The significant kinship coefficients estimated between plants located 50 m and 100-150 m apart demonstrated that they were genetically more similar than the average pair and that gene dispersal is high over such distances. Thus, the direct methods that we used, which suggested a maximum pollen dispersal distance of approximately 20 m (Gaudeul & Till-Bottraud, 2004) , may have underestimated pollination distances. This could either be due to sequential pollination (Thomson & Eisenhart, 2003; Hoyle & Cresswell, 2006) or to occasional long-distance dispersal events (Campbell & Dooley, 1992; Williams & Waser, 1999; Fenster et al., 2003; Ishihama et al., 2005; Hardy et al., 2006) . Moreover, long-distance seed dispersal has been shown to occur more frequently than has previously been assumed in plant species, and may be even more important than pollen dispersal (Bacles, Lowe & Ennos, 2006; Nathan, 2006) . In E. alpinum, although seeds are primarily dispersed by gravity on very short distances (Gaudeul & Till-Bottraud, 2004) , the dried sepals of the fruits are very adhesive and may allow secondary dispersal by animals, humans, or even tractors (farmers occasionally find seeds of E. alpinum in sheep's wool and hay; for evidence of sheep-mediated seed dispersal in other plant species, see Fischer, Poschlod & Beinlich, 1996; Manzano & Malo, 2006) . This hypothesis appears plausible given the lack of dispersal barriers within the valley and it is supported by the significant genetic differentiation between Anon and the western patches DesliouresSalamiane: these two zones correspond to the two main roads and to the routes followed by the two herds of sheep in the fall (Fig. 1A) , which are likely to act as corridors for secondary seed dispersal. Water dispersal by the Fournel river may also occur. Thus, the very weak spatial genetic structure detected with the 50-m mesh could be explained by extensive pollen dispersal and/or secondary seed dispersal. Moreover, E. alpinum is long-lived and with overlapping generations. Therefore, the adult genotype distribution probably reflects historical events rather than current dispersal patterns. Land practices radically changed in the 1950s and, subsequently, the suitable habitat for E. alpinum is more and more fragmented by forest encroachment of abandoned hayfields (Farion, 1996) . However, computer simulations showed that 10-20 generations of localized dispersal were needed for a significant local structure to develop (Heywood, 1991) . Assuming a generation time of 10-15 years, this would represent 100-300 years in E. alpinum and is consistently more than the elapsed time since fragmentation began. Interestingly, although longer than 2000 m, the site Deslioures did not show any pattern of isolation by distance. This means that all pairs of plants are equally likely to reproduce together and that the area behaves as a random-mating unit. The demography of populations (e.g. in terms of colonization history, age, or management) can have an important impact on their patterns of spatial genetic structure (Lowe et al., 2003; Marquard & Epperson, 2004) but no such difference could be evoked with confidence between Deslioures and other E. alpinum patches within the Fournel valley. Nevertheless, the high density of plants in Deslioures may be responsible for the strong contrast between the genetic homogeneity of Deslioures and the continuous genetic variation on the overall valley: first, the potential for isolation by distance is lower in population of higher density even though this direct effect of density may at least partially be compensated by lower gene dispersal distances when nearest neighbours are in close proximity (Heywood, 1991; Fenster et al., 2003; Vekemans & Hardy, 2004) . Second, higher density may promote increased overlapping of seed shadows and decreased spatial genetic structure. Finally, the genetic homogeneity of Deslioures may indicate that, although undetected by F-statistics and Bayesian approaches, habitat fragmentation does indeed lead to decreased gene dispersal and increased genetic differentiation in small, fragmented patches compared to the situation within a large, unfragmented area. When adopting a 2-m mesh, spatial genetic structure was much stronger: the Sp statistics in the quadrats were four-to five-fold higher than on the overall valley with the 50 ¥ 50 m sampling design (Sp = 0.0087 and 0.0142 in the quadrats versus Sp = 0.0021 on the overall valley). The existence of such nested patterns of genetic structure across several spatial scales has already been observed in other plants such as Chamaecrista fasciculata (Fenster et al., 2003) and Clarkia springvillensis (McCue, Buckler & Holtsford, 1996) , demonstrating that patterns occurring at one spatial scale may not be evident at others. In the present study, kinship coefficients were significantly positive at distances up to 4-6 m. These patterns of fine-scale genetic structure occur when gene dispersal is very restricted, leading to the formation of local pedigree structures around maternal plants (Campbell & Dooley, 1992; Loiselle et al., 1995) . Pedigree structure over larger distances (50-100 m) may also be responsible for the (marginally) significant genetic differentiation of the two quadrats that were located 100 m apart. The kinship coefficient at 50 m was not significant with the 50 ¥ 50 m sampling design within the Deslioures, but this was probably due to the large variance and the estimated value of kinship was nevertheless relatively high. Moreover, the kinship coefficient was significant at 50 m and 100-150 m on the overall valley. In plants, the development of such genetic structure within population may be more strongly influenced by limited seed dispersal than by pollen movement (Streiff et al., 1998; Chung et al., 2003; Vekemans & Hardy, 2004) : even if pollen disperses long distance, limited seed movement will result in genetically distinct seed shadows among maternal plants and the spatial clustering of half-sibs. In the present study, the significant relatedness at short distances (4-6 m) is in agreement with restricted primary seed dispersal (a few meters) and clustering of related plants. With the 50-m mesh, and on a more global scale, this family structure was completely undetected. This result exemplifies the critical importance of sampling design. Although an exhaustive sampling ensures a detailed account of very fine-scale genetic structure, it is only feasible within a confined area and therefore may miss large-scale patterns. On the other hand, sampling one individual at each node of a regular grid over a larger scale may miss fine-scale genetic structure. Thus, it is important to verify that the mesh of the grid is fine enough that the consequences of very restricted dispersal events will be detected (Epperson & Li, 1996; Vekemans & Hardy, 2004; Cavers et al., 2005) .
The Sp statistics calculated for E. alpinum were rather low compared to other plant species (Vekemans & Hardy, 2004) . This is congruent with the outcrossing habit of the plant (Gaudeul & TillBottraud, 2003 ) because the breeding system was shown to have the most important impact on Sp statistics in comparison to life form and mode of pollen/seed dispersal: in a reanalysis of 47 spatial autocorrelation studies in plants, Vekemans & Hardy (2004) found that Sp statistics were on average tenfold higher in predominantly selfing than in predominantly outcrossing species.
From a conservation perspective, there are two opposed situations in the Fournel valley: a few large sites, which do not appear to be vulnerable, interconnected by several smaller patches, some counting only a few tens of individuals and highly threatened. We show that, to date, and at a global scale, the valley consists of a single genetic unit and the most pressing threats caused by landscape fragmentation are ecological ones (e.g. habitat destruction, increased interspecific competition). However, spatial genetic structure is a dynamic quality that changes over time and the effects of random genetic drift (e.g. loss of allelic richness, increased inbreeding; Young, Boyle & Brown, 1996) could become detectable in the future. A patch-orientated (rather than the present individualorientated) sampling scheme should be adopted to monitor these potential genetic consequences (Jacquemyn et al., 2004) , especially because preliminary data have suggested lower pollinator visitation rates and germination rates in small compared to large patches (M. Gaudeul, unpubl. data) .
In summary, the present study emphasizes two diverging features of direct and indirect methods for measuring gene dispersal, namely their different temporal scale and the frequent in situ underestimation of pollen and seed dispersal, leading to a weaker genetic structure than expected on the basis of direct field observations. Thus, it is clear that the direct and indirect methods complement each other. This is especially true in a conservation perspective because a comparison between past and present patterns is often needed and multiple processes must be considered (e.g. rates of flower visitation, risk of inbreeding depression, risk of Allee effect, etc.). Moreover, the adoption of nested sampling designs and a combination of statistical tools differing by their prior assumptions (e.g. with or without prior expectations on the spatial scale of genetic structure) and specific goals (e.g. population-or individual-based) appears to be a fruitful approach for investigating the spatial scale and intensity of local genetic structure.
